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In three studied dermapteran species, Doru lineare, Opisthocosmia silvestris and Forficula
auricularia, ovarian follicles are composed of two cells only, the oocyte and a single nurse
cell. The nuclei of the nurse cells are large, ameboid and contain highly active nucleoli. RER
elements, ribosomes, mitochondria and electron-dense aggregations of nuage material are
present in the cytoplasm. Immunolocalization analysis revealed that in earwigs the nuage
does not contain snRNAs. In one of the studied species,Doru lineare, apart from canonical
nuage aggregations, characteristic RER/nuage complexes were found. These structures are
morphologically similar to the sponge bodies present in the cytoplasm of the Drosophila
germline cells. We suggest that RER/nuage complexes in Doru, as sponge bodies in
Drosophila, are implicated in mRNA translocation.
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In all studied dermapterans the ovaries are of the
meroistic-polytrophic type (for a classification of
ovaries and further description see BILIÑSKI 1998
& BÜNING 1994) which means that oocytes are ac-
companied by highly polyploid cells of germline
origin, the nurse cells or trophocytes (BÜNING
1993, 1994; MATOVA & COOLEY 2001). The
oocyte-nurse cell units arise as a result of mitotic
divisions of the founder germline cell, the cysto-
blast (see BÜNING 1993, 1994 for a review). These
units become surrounded by somatic follicular
cells and constitue the ovarian follicles (=egg
chambers). Our knowledge concerning the pro-
cesses leading to the formation of germ cell units
(germ cell cysts) relies mainly on studies of the
model insect, the fruit fly, Drosophila melanogas-
ter (KING 1970; DE CUEVAS et al. 1997; PEPLING
et al. 1999). In Drosophila each cystoblast divides
4 times to generate a cyst composed of 16 sibling
cells. Because all the consecutive cytokineses of
the cystoblast are incomplete, the arising cells are
connected by means of intercellular bridges (ring
canals). Following cyst formation, one cystocyte
differentiates into the oocyte, whereas the remain-
ing 15 cells become the nurse cells (BÜNING 1994;
De CUEVAS et al. 1997). In dermapterans, the
oocyte-nurse cell units are composed of two cells
only, the oocyte and a single nurse cell (TWO-
RZYD£O & BILIÑSKI 2008; YAMAUCHI & YOSHI-
TAKE 1982; ZINSMEISTER & ZINSMEISTER 1976).
It should be emphasized, however, that the pro-
cesses that lead to their formation may be signifi-
cantly different in particular earwig subgroups. In
derived families (e.g. Forficulidae) the cystoblast
divides only once (BRAUNS 1912; TWORZYD£O &
BILIÑSKI 2008), whereas in more basal taxa the
cystoblast undergoes three mitoses that lead to the
formation of an 8-cell complex which is secondar-
ily split into four 2-cell clusters (YAMAUCHI &
YOSHITAKE 1982; HAAS, personal information,
our unpublished data). Further development of
ovarian follicles can be divided into three phases:
previtellogenesis, vitellogenesis and choriogene-
sis (BÜNING 1993, 1994). During previtellogene-
sis macromolecules (e.g. rRNAs, mRNAs), pro-
teins and organelles are gradually accumulated in
the oocyte cytoplasm (ooplasm). During vitello-
genesis the ooplasm becomes loaded with yolk
spheres and lipid droplets. The last phase, chorio-
genesis, constitutes the formation of egg enve-
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lopes on the oocyte surface (BÜNING 1993, 1994;
MATOVA & COOLEY 2001).
The nutritive role of the nurse cells is facilitated
by their high transcriptional activity and by the
presence of intercellular bridges (ring canals) that
connect nurse cells and the oocyte. Through these
canals, the nurse cells supply the oocyte with vari-
ous cytoplasmic constituents, e.g. mitochondria,
cisternae of the ER, ribosomes and lipid droplets
(BÜNING 1993, 1994; MATOVA & COOLEY 2001;
TELFER 1975). The other crucial function of the
nurse cells is the synthesis of different classes of
RNAs (rRNA, mRNA) that together with organ-
elles are subsequently transferred to the ooplasm
(COOLEY & THEURKAUF 1994). We previously
described the mechanisms responsible for this
transport in earwig ovarian follicles (see TWO-
RZYD£O & BILIÑSKI 2008 and Discussion). In this
paper, we present ultrastructural analyses of the
nurse cells of three forficuloid earwigs: Doru




In this study, the following species of forficuloid
earwigs were used: Forficula auricularia, Doru
lineare and Opisthocosmia silvestris. Specimens
of Forficula auricularia were collected in south-
ern Poland, whereas Opisthocosmia silvestris and
Doru lineare were collected in the neighborhood
of Villa Tunari in Santa Cruz Province, Bolivia.
Light and electron microscopy
The ovaries were dissected from adult females
and fixed in 2.5% glutaraldehyde in 0.1 M phos-
phate buffer, pH 7.4 at 18oC, rinsed and postfixed
in 1% osmium tetroxide in the same buffer. After
dehydration in a series of ethanol and acetone, the
material was embedded in Epon 812 (Fullam Int.,
Latham, NY, USA). Semithin sections (0.7 Fm
thick) were stained with methylene blue and exam-
ined under a Leica DMR microscope (Heidelberg,
Germany). Ultrathin sections (80 nm thick) were
contrasted with uranyl acetate and lead citrate ac-
cording to standard protocols and analysed with a
Jeol JEM 100 SX electron microscope (TEM) at
80 kV.
Immunocytochemical detection of snRNAs
For immunocytochemical studies, the ovaries
were fixed in 4% formaldehyde in PBS, dehy-
drated in a series of ethanol and embedded in His-
tocryle (Agar Scientific Ltd, Essex, UK). The
ultrathin sections were collected on formvar
coated nickel grids and blocked with 2% bovine
serum albumin (BSA) for 20 minutes at 18oC.
Grids were incubated with the primary antibody
K121 (Calbiochem, Oncogene Research Products,
Cambridge, MA, USA) diluted 1:50 overnight at
4°C. Subsequently, the grids were washed five
times with PBS and incubated for 2 hours at room
temperature with the secondary antibody, goat
anti-mouse IgG conjugated to 18nm gold particles
(Sigma, St.Louis, MO, USA) diluted 1:100. After
rinsing with PSB and bidistilled water the grids
were contrasted with uranyl acetate and lead cit-
rate and examined in a Jeol JEM 100 SX electron
microscope at 80 kV. In control experiments, the
grids with sections were treated exactly as de-
scribed above but the incubation with the primary
antibody (K121) was omitted.
Results
Gross morphology of the ovaries
The ovaries of the studied forficuloids are paired
and composed of about 40 short ovarioles of the
meroistic-polytrophic type. The ovarioles are at-
tached to elongated lateral oviducts by the ovariole
stalks (pedicels) and surrounded by a thick ovari-
ole sheath. In each ovariole, three easily recogniz-
able elements can be distinguished: the terminal
filament, the germarium and the vitellarium. The
anteriorly located terminal filament is a stalk of
4-6 somatic disc-shaped cells, oriented perpen-
dicularly to the long axis of the ovariole. The ger-
marium comprises germline stem cells, differenti-
ating germ cells and germ cell cysts, as well as so-
matic cells (for details see TWORZYD£O &
BILIÑSKI 2008). The vitellarium consists of two
ovarian follicles only. The ovarian follicles are
composed of two cells: an oocyte and a single
nurse cell which are connected by an intercellular
bridge and covered with follicular epithelium. The
process of oogenesis in earwigs can be divided into
4 developmental stages: early previtellogenesis
(1), late previtellogenesis (2), vitellogenesis (3)
and choriogenesis (4). In this study, we present
analyses of previtellogenic and vitellogenic ovar-
ian follicles, with special reference to the morphol-
ogy and ultrastructure of the nurse cells.
Because the organization of the follicles and the
ultrastructure of the nurse cells in all three studied
species (Doru lineare, Opisthocosmia silvestris
and Forficula auricularia) are quite similar, the
following description applies to all of the exam-
ined species. The characteristic (unique) features
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and differences between species are described in a
separate paragraph at the end of the Results section
(see below).
Early previtellogenesis
The early previtellogenic ovarian follicles are in
direct contact with the germarium and are com-
posed of relatively small, lens-shaped oocytes and
slightly larger nurse cells. The nurse cell nuclei are
approximately spherical and contain heterochro-
matin aggregations and dense nucleoli located in
their karyoplasm. They are surrounded by a
slightly folded nuclear envelope. The trophocyte
cytoplasm contains numerous mitochondria, ribo-
somes, elements of rough endoplasmic reticulum
(RER) and multivesicular bodies (not shown).
Late previtellogenesis and vitellogenesis
A late previtellogenic nurse cell occupies about
70% of the ovarian follicle volume. Its cytoplasm
is comprised of free ribosomes, mitochondria,
multivesicular bodies and variously shaped ele-
ments of RER (Figs 2-6). Frequently the RER cis-
ternae are arranged concentrically (Fig. 2). Aggre-
gations of electron-dense nuage material are lo-
cated in the close vicinity of the nuclear envelope.
The nuage material is usually surrounded by more
“transparent”, ribosome-free cytoplasm (Fig. 7).
Immunostaining with the K121 antibody against
the TMG cap present in snRNAs showed that the
nuage aggregations are almost negative (do not
contain snRNAs), while the cytoplasm of the nurse
cell is strongly immunoreactive (Figs 8, 9). The
nurse cell nucleus is large and attains a characteris-
tic “ameboid” shape. Its highly folded envelope is
pierced with numerous, densely packed pore com-
plexes (Fig. 3, encircled). The karyoplasm con-
tains heterochromatin aggregations and nucleoli.
During vitellogenesis, yolk spheres and lipid
droplets are gradually accumulated in the ooplasm
reserve materials. This is followed by significant
growth of the oocyte volume. Simultaneously (as
vitellogenesis progresses) the nurse cell occupies a
smaller and smaller compartment of the ovarian
follicle. At the end of vitellogenesis the nurse cell
cytoplasm is transferred into the oocyte, leading to
the degeneration of the nurse cell (see
TWORZYD£O & BILIÑSKI 2008 for further details).
Unique features of the nurse cells
a) Opisthocosmia silvestris
Characteristic vesicles are present (Fig. 6) in
early and late previtellogenic nurse cells of this
species, in addition to ribosomes, mitochondria,
ER elements and nuage aggregations. TEM analy-
sis revealed that these structures are surrounded by
a limiting membrane incrustated with ribosomes
and are filled with amorphous material of medium
electron density (Fig. 6). Vitellogenic nurse cells
of O. silvestris contain large lipid droplets (Fig. 1).
b) Doru lineare
In this species, apart from the “canonical” nuage
aggregations, the nurse cell cytoplasm contains char-
acteristic complexes of nuage and RER (Figs 2, 4).
These complexes are composed of twisted RER
cisternae and branched accumulations of nuage
material (Figs 2, 4).
Discussion
The ultrastructure of the nurse cells in all insect
species is rather similar and reflecs their function
(TELFER 1975; BÜNING 1994). As a rule, these
cells become polyploid and therefore their nuclei
are relatively large, and comprise prominent,
highly active nucleoli. During the subsequent
stages of oogenesis, the nuclear envelope of the
nurse cells becomes highly folded, leading to an
increase of the nuclear surface and more efficient
nucleo-cytoplasmic transport. The envelope is
pierced with numerous pore complexes responsi-
ble for the transport of ribonucleoproteins (RNPs)
from the nucleus to the surrounding cytoplasm. In
many species, aggregations of electron-dense
granular material, called nuage, occur in the close
vicinity of the nuclear envelope (reviewed in RAZ
2000). It is believed that nuage represents precur-
sors of the determinants of the germ cell fate, the
germinal granules (KLAG 1977, 1982; SAFFMAN
& LASKO 1999; KLOC et al. 2004; BILIÑSKI et al.
2004). Although the list of molecular components
of nuage material is still incomplete, it has been
shown that accumulations of nuage contain both
proteins and mRNAs (KLAG 1982, 1984; KLOC et
al. 2002; BILIÑSKI et al. 2004; LINDER & LASKO
2006; EULALIO et al. 2007). Immunocytochemi-
cal studies have shown that in Xenopus laevis the
nuage aggregates contain Xcat2 mRNA, Dead box
helicase XVLG1 and constituents of the spliceo-
somes, the Sm proteins (BILIÑSKI et al. 2004).
Quite suprisingly, other components of the splic-
ing machinery, such as coilin, SMN proteins and
most remarkably snRNAs, are absent from the
nuage (BILIÑSKI et al. 2004). Our immunolocal-
ization analysis showing the absence of snRNAs in
earwig nuage aggregations is in line with these
findings. It has also been revealed that nuage con-
tains several components characteristic for the
processing bodies (P bodies) – tiny cytoplasmic
structures involved in mRNA metabolism (SEY-
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Figs 1-6. Morphology of the nurse cells. Fig. 1. Opisthocosmia silvestris. Fragment of the vitellogenic ovarian follicle.
Follicular epithelium (fe), nurse cell (nc), nurse cell nucleus (ncn), oocyte (oo), lipid droplets within nurse cell cytoplasm (ld),
yolk spheres (y). Semithin Epon section, methylene blue. Figs 2-4. Doru lineare. Fragment of the late previtellogenic nurse
cell. Complex of RER (arrowheads in Fig. 4) and nuage material (asterisk in Fig. 4) is boxed in Fig. 2 and magnified in Fig. 4;
elements of RER (rer), nurse cell nucleus (ncn), mitochondria (m), aggregations of nuage material (nu), nuclear pore
complexes are encircled. Ultrathin Epon section, TEM. Figs 5-6. Opisthocosmia silvestris. Fig. 5. Multivesicular bodies (mvb)
in the nurse cell cytoplasm. Fig. 6. Fragment of the late previtellogenic nurse cell. Note numerous polymorphic electron-dense
vesicles filled with granular electron dense material and surrounded by a limiting membrane covered with ribosomes (arrows),
mitochondria (m). Ultrathin Epon section, TEM. Bars = 25 Fm in Fig. 1; 1 Fm in Figs 2-6.
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DOUX & BROWN 2006; EULALIO et al. 2007; LIN
et al. 2008; GALLO et al. 2008). In the light of this
finding it was suggested that nuage is a germline
equivalent of somatic P bodies (SEYDOUX & BROWN
2006; EULALIO et al. 2007; JAGLARZ et al. 2009).
Although the mechanism of mRNA transport
and localization has been extensively studied (see
below), the structrural aspects of this process re-
main practically unknown. Morphological studies
(KLAG & BILIÑSKI 1993; WILSCH-BRÄUNINGER
et al. 1997; THEURKAUF & HAZELRIGG 1998; SNEE
& MACDONALD 2003) showed that mRNA mole-
cules are transported within relatively large,
electron-dense aggregates that have been variously
termed, e.g. sponge bodies (WILSCH-BRÄUNINGER
et al. 1997), vesicular tubular-shaped particles (VTS,
KIM 2003), aggregations of nuage (BILIÑSKI &
JAGLARZ 1999) or nuage-mitochondria complexes
(KLAG & BILIÑSKI 1993). Microtubules were ob-
served in the close vicinty of these aggregates,
suggesting a role of these cytoskeletal elements in
mRNA localization (KLAG & BILIÑSKI 1993;
WILSCH-BRÄUNINGER et al. 1997; THEURKAUF
& HAZELRIGG 1998; BILIÑSKI & JAGLARZ 1999).
Because the molecular composition of the trans-
ported aggregates was not analysed, it is unclear
whether all mRNA species are transported in the
same way or whether the individual aggregate con-
tains only one or more mRNA species. We showed
that in the nurse cell cytoplasm of Doru lineare,
besides the “canonical” nuage aggregations,
characteristic complexes of nuage and RER are
present. These RER/nuage complexes are remarka-
bly similar morphologically to the sponge bodies
found in the cytoplasm of the germ cells of the fruit
fly, Drosophila melanogaster (WILSCH-BRÄUNIN-
GER et al. 1997). In this context we suggest that
RER/nuage complexes in Doru are implicated in
mRNA translocation, as are sponge bodies in Dro-
sophila.
We have shown that the nurse cell cytoplasm of
the studied earwig species contains numerous or-
ganelles, e.g. ribosomes, RER cisternae and mul-
tivesicular bodies, revealing the high synthetical
activity of these cells. In one species, Opisthocos-
mia silvestris, in addition to these structures, char-
acteristic vesicles filled with granular material
surrounded by a membrane covered with ribo-
somes are present. The function of these structures
remains unknown.
During the final stages of oogenesis, the nurse
cell cytoplasm with various molecules and organ-
elles is transported to the oocyte through intercel-
lular bridges (COOLEY & THEURKAUF 1994;
MAHAJAN-MIKLOS & COOLEY 1994; MATOVA &
COOLEY 2001). During this transfer the nurse cell
nucleus does not enter the oocyte and is retained in
the cell center. In holometabolous insects this po-
sition of the nurse cell nucleus during the transfer
Figs 7-9. Nuage aggregations. Fig. 7. Doru lineare. Fragment
of the nurse cell nucleus (ncn) and perinuclear cytoplasm.
Nuclear envelope (ne), nuage aggregations (nu),
endosymbiotic microorganisms (arrows). Ultrathin Epon
section, TEM. Figs 8-9. Forficula auricularia. Fragment of
the perinuclear cytoplasm with nuage aggregations (nu).
Ultrathin Histocryle section labelled with K121 antibody.
Scale bars = 1 Fm.
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of cytoplasm is maintained by cytoskeletal ele-
ments, i.e. actin cables in higher dipterans, includ-
ing Drosophila melanogaster (MATOVA et al.
1999; COOLEY et al. 1992; CANT et al. 1994; HUD-
SON & COOLEY 2002) or microtubular cages in
hymenopterans (BILIÑSKI & JAGLARZ, 1999). In
the previous study we showed that in earwigs, as in
phthirapterans, the central position of the nurse
cell nucleus is maintained not by cytoskeletal ele-
ments, but solely by elongated extensions of the
nuleus (¯ELAZOWSKA & BILIÑSKI 2001; TWO-
RZYD£O & BILIÑSKI 2008).
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